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0HPEUDQHWHFKQRORJLHVV\VWHPVKDYHUHYROXWLRQLVHGWKHZDWHUWUHDWPHQWLQGXVWU\LQDOOHYLDWLQJ
WKHSOLJKWRIODFNRIDFFHVVWRFOHDQZDWHUZRUOGZLGH>@7KLVLVDVDUHVXOWRIWKHLUSRWHQWLDO LQ
SURYLGLQJ DQ DEVROXWH EDUULHU IRU EDFWHULD YLUXVHV DQG RWKHU ZDWHUERUQH GLVHDVHVZKLFK DUH
DOOHJHG WR EH WKH OHDGLQJ FDXVHV RI FKLOGKRRG PRUELGLW\ DQG PRUWDOLW\ >@ 7KH GUDZEDFN
DVVRFLDWHG ZLWK WKH PHPEUDQH DSSOLFDWLRQV LQ ZDWHU WUHDWPHQW LV WKH GHFUHDVLQJ ZDWHU
SHUPHDWLRQUDWHZLWKWLPHDVDUHVXOWRIIRXOLQJFDXVHGE\UHMHFWHGVXEVWDQFHVIRUPLQJDFDNH
RQ WKH PHPEUDQH VXUIDFH 5HVHDUFK LV FXUUHQWO\ EHLQJ GRQH WR UHGXFH WKH IRXOLQJ LQ
PHPEUDQHV WKURXJK FKHPLFDO PRGLILFDWLRQ E\ YDU\LQJ PHPEUDQH VXUIDFH K\GURSKLOLFLW\ DQG
VXUIDFH FKDUJH 7KLV VWXG\ H[SORUHV WKH VXUIDFH PRGLILFDWLRQ RI WKH FRPPHUFLDO FDSLOODU\
XOWUDILOWUDWLRQ&8)PHPEUDQHVE\LQWURGXFLQJK\GURSKLOLFPROHFXOHVRQWKHVXUIDFHDVDIRXOLQJ
UHGXFWLRQVWUDWHJ\IRUZDWHUWUHDWPHQWDSSOLFDWLRQV7KHSRO\VRGLXPVW\UHQHVXOIRQDWH366
DQG SRWDVVLXP SHUVXOIDWH DQG SRWDVVLXP ELVXOILWH FRXSOH ZHUH XVHG DV WKH K\GURSKLOLF
PRQRPHUV DQG WKH LQLWLDWRUV UHVSHFWLYHO\ WR FKHPLFDOO\ PRGLI\ WKH FRPPHUFLDO 3(6 &8)
PHPEUDQHV 7KH PRGLILFDWLRQ ZDV FDUULHG RXW E\ SHUPHDWLQJ WKH PL[WXUH RI WKH K\GURSKLOLF
SRO\PHU DQG WKH LQLWLDWRUV WKURXJK WKH VHDOHG&8)PHPEUDQHPRGXOH IRU  K7KHHIIHFW RI
366 FRQWHQW RQ WKH SURSHUWLHV RI WKH PRGLILHG PHPEUDQHV ZDV LQYHVWLJDWHG %RWK WKH
XQPRGLILHGDQGWKHPRGLILHG&8)PHPEUDQHVZHUHDVVHVVHGE\WKH)7,5FRQWDFWDQJOH$)0
DQG+56(0

7KH )7,5 DQDO\VLV FRQILUPHG WKH VXFFHVVIXO JUDIWLQJ RI WKH 366 RQ WKH &8) VXUIDFH DV
HYLGHQFHGE\WKHDSSHDUDQFHRI WKHEDQGDWFPREVHUYHG LQ WKHPRGLILHGPHPEUDQHV
7KLVEDQG LVDWWULEXWHG WRV\PPHWULFVWUHWFKLQJRI62RI WKH366XQLW2QFRPSDULVRQ WR WKH
SULVWLQH &8) WKH K\GURSKLOLFLW\ RI WKH PRGLILHG &8) PHPEUDQHV LPSURYHG DV WKH 366
LQFUHDVHG XS WR  SSP 7KH ORZHU FRQWDFW DQJOH LQ WKH 366 PRGLILHG &8) PHPEUDQHV
LQGLFDWHG WKDW WKHVXUIDFHFKDUDFWHUZDVQRZPRUHK\GURSKLOLFZKLFK LVH[SHFWHG WRDIIHFW WKH
SURWHLQIRXOLQJSURILOHDVZHOODVWKHZDWHUIOX[)LJXUH7KH$)0UHVXOWVUHYHDOHGVLJQLILFDQW
FKDQJHV LQ VXUIDFHPRUSKRORJ\ DV FRPSDUHG WR WKH SULVWLQH &8) 7KHPRGLILHGPHPEUDQHV
GLVSOD\HG VLJQLILFDQW LQFUHDVH LQ WKH GHQVLW\ RI QRGXOHV DV H[SHFWHG FRQILUPLQJ WKDW WKH366
PROHFXOHV DUH QRZ DQFKRUHG RQ WKHPHPEUDQH VXUIDFH )XUWKHUPRUH WKH VXUIDFH URXJKQHVV
LQFUHDVHGZLWKDQLQFUHDVLQJFRQWHQWRIWKH3667KLVLVDVDUHVXOWRIWKHVXUIDFHHQULFKPHQWRI
WKH366GXHWRRQO\SDUWLDOO\PLVFLELOLW\EHWZHHQ&8)DQGWKH3667KHFURVVVHFWLRQDO6(0
DQDO\VLV VKRZHG QRPHDQLQJIXO PRUSKRORJLFDO FKDQJHV RI WKHPRGLILHG &8)PHPEUDQHV DV
FRPSDUHG WR WKH SULVWLQH &8) KRZHYHU WKH DQDO\VLV RQ WKHPHPEUDQH VXUIDFH VKRZHG WKDW
PRUHSRO\PHUPROHFXOHVDUHDQFKRUHGRQWKHPRGLILHG&8)PHPEUDQHV

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
)LJXUH  'URS VKDSHV RI ZDWHU GURSOHW RQ WKHZDVKHGPHPEUDQHV $ &8) PRGLILHGZLWK
SSP366%DQG&8)PRGLILHGZLWKSSP366&

7KHFDSLOODU\XOWUDILOWUDWLRQPHPEUDQHVZHUHFKHPLFDOO\PRGLILHGXVLQJ366LQWKHSUHVHQFHRI
WKH LQLWLDWRUV )7,5 FRQILUPHG WKH VXFFHVVIXO JUDIWLQJ RI WKH 366 RQWR WKH &8) PHPEUDQH
VXUIDFH7KH$)0DQDO\VLV LQGLFDWHG WKDW WKHPRUSKRORJ\RI WKH JUDIWHGPHPEUDQHVFKDQJHG
VLJQLILFDQWO\DVFRPSDUHGWRWKHYLUJLQ&8)ZLWKDQ LQFUHDVHGURXJKQHVV7KHK\GURSKLOLFLW\RI
WKH PRGLILHG PHPEUDQHV LQFUHDVHG FRPSDUHG WR WKDW RI SULVWLQH &8) ZKLFK ERGHV ZHOO IRU
LPSURYLQJ IRXOLQJ FKDUDFWHULVWLFV 7KH SURFHVV RI PRGLI\LQJ WKH PHPEUDQHV GLG QRW OHDG WR
YLVLEOHFKDQJHV LQ WKHPHPEUDQHVWUXFWXUHZLWKQRHYLGHQFHRISRUHFROODSVHREVHUYHG 6(0
DQDO\VLV LQGLFDWLQJ WKDW WKH PHWKRG FDQ EH XVHG IRU LQPRGXOH PHPEUDQH PRGLILFDWLRQ WR
PRGLI\SRO\PHULFPHPEUDQHVXUIDFHV
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